E m ploying the wedge m ethod which has been developed by the authors, the elastic constants of diamond have been determ ined. 'The individual values are cn = 9*5, c12 = 3-9, cu = 4*3 x 1012 dynes/cm .2. Force constants derived from the observed spectroscopic data in respect o f diamond account very satisfactorily for the results.
A detailed study of the elastic behaviour of crystals is of great value for under standing the nature of the solid state. Although diamond is of special interest from this point of view, its individual elastic constants have so far not been determined presumably because of the experimental difficulties in such determinations. Adams (1921) and Williamson (1922) obtained the bulk modulus for diamond by piezometric methods. Pisharoty (1940) measured the Young's modulus for an octahedral plate of diamond by the usual bending methods.
In this paper the individual elastic constants of diamond, which are determined with the help of a new method, are given. The method has been developed by us and depends on the measurement of ultrasonic velocities in crystal plates of known orientation.*
T h e w e d g e m e t h o d
Associated with a given direction of propagation in a crystal plate there are three acoustic waves, one of which may be called the quasi-longitudinal and the other two quasi-torsional. The velocities of these waves depend upon the elastic constants of the crystal. If a crystal plate of thickness d and infinite lateral dimensions is taken and a sound wave of frequency / is started at one surface, on reaching the second surface, it is partly reflected and partly transmitted. The reflected wave in con junction with the incident wave forms a standing wave if where is the velocity of propagation of sound. Under such circumstances the plate can be said to resonate to the frequency /. From what has been said above it is clear th at a crystal plate generally resonates to three frequencies,/^^ a n d /3. The plate can then be regarded as performing thickness-longitudinal or thickness-transverse vibrations according as the frequency to which it resonates is essentially a longitudinal or a * F or details of th e m ethod an d its application to other substances, reference m ay be m ade to Proc. In d ia n Acad. Sci. 20, 298 (1944) . A prelim inary report of some results regarding diam ond was published in Nature, 154, 546 (1944). transverse one. Alternatively, the plate may be regarded as a medium capable of transm itting sound waves possessing those frequencies with the highest efficiency.
A determination of such frequencies permits us to evaluate the characteristic values of v for the thickness direction. These values enable us to calculate the corresponding elastic constants, a number of such determinations with plates of different orientations being usually sufficient for evaluating all the independent elastic constants in any particular crystal. For plates of finite size edge effects set in, but it may be stated here th a t such effects have been found to be well within the experimental limits of error in our present investigations.
For determining the transmission frequencies characteristic of a given plate, a suitably cut and silvered quartz or tourmaline wedge is used. The wedge in a highfrequency circuit generates continuously varying ultrasonic frequencies, and one of these wedges is laid on a crystal plate whose orientation is known and the fre quency of the electrical circuit is varied till, a t a certain value, the sound wave is transm itted to a maximum extent. This particular frequency is located by allowing the sound waves transm itted through the plate to pass into a liquid and observing positions of maximum intensity in respect of the usual Debye-Sears diffraction pattern, In practice, it has been found th a t the setting for maximum transmission is quite sharp and capable of being reset to within 1 or 2% . The transmission fre quency is then measured with an accurate wave meter.
The transmission maxima thus recorded have to be sorted out and assigned to their appropriate modes. l,n an ideal case one would not expect transverse modes to be communicated to a liquid medium so as to cause Debye-Sears patterns, but work in this laboratory (Bhagavantam & Suryanarayana 1945; Bhagavantam & Bhimasenachar 1945 ) had shown th a t such modes can be excited both in piezo electric and non-piezoelectric crystal plates and communicated to liquids in the form of consequential longitudinal strains produced by coupling due to edge effects or other inherent causes. Accordingly, thickness-longitudinal modes generally show intense Debye-Sears patterns, while the thickness-transverse modes show relatively weaker ones. Such a distinction furnishes a useful criterion by which the transmission maxima can be sorted out and associated with their corresponding modes.
S. Bhagavantam and J. Bhimasenachar 3. Elastic constants o f diamond
In these investigations one (112) plate and three (111) plates whose orientations were checked by X-ray methods have been used. The measurements are given in table 1. c' of the last two columns stands for the effective elastic constant and is equal in each case to 4d2 f 2p. From the average values of c' |(Cn + Ci2 + 2c44) = 11-0, 3(cu + 2c12 + 4c44) = 11-5, |(c n -c12 + c44) = 3-3, giving cn = 9*5, c12 = 3*9, c44 = 4*3 x 1012dynes/cm.2. 
T a b l e 1 . E l a s t i c v i b r a t i o n f r e q u e n c i e s o f d i a m o n d p l a t e s

Elastic constants of diamond
Lattice theory of elastic constants
The earliest attem pt in the direction of giving a theory of elasticity from the atomic standpoint was th at of Cauchy (1828). In recent years Born (1914) developed the theory in some detail and showed th a t the elastic constants of a crystal can in general be calculated if the force fields are known. Further attention was paid to the particular case of diamond in the work of Nath (1935) dis the side of the unit cube. K x and of atoms which constitute the nearest neighbours and next nearest neighbours respectively. K a is the force constant referring to a variation in the angle between any two valence bonds which meet at an atom. A satisfactory evaluation of these force constants could be effected only recently after a thorough investigation was made of the vibration spectrum (Nayar 1942; Anna Mani 1944) These compare very well with the values cn = 9*5, c12 = 3-9, c44 = 4-3 x 1012 dynes/cm.2, which are the experimentally determined ones.
